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winters a t  Cincinnati, Ohio, 1788-1813, and 1817-1835 
(when reliable instrumental records began), kindly com- 
iled for me by Mr. W. C. Devereau, the period of winters 

gom 1800-1808 is similar to the New Haven record. 
(See fig. 1.) Figure 1 shows also the sequence of tempera- 
ture (relative to average of last 50 years) from 1868 or 
1870 to 1888 and from 1913 to 1921 a t  New Bedford, 
Mass., New York, N. P., Washington, D. C., Cincinnati, 
Ohio, and Chicago, Ill. It will be noted that the sequcnce 
of the few winters preceding the beginnin of the strong 

years ago and 113 years ago M that now in progress, and 
that the swings up and down are of the same order in the 
three periods. It seems not unreasonable to expect that 
the mnter of 1931-23 will be a cold one and possibly that 
that of 1922-23 will be a warm one. Before we should 
dignify such expectations with the term “forecast,” how- 
ever, the characteristics of the weather in the early 
eighties., and, If possible, in the first decade of last. cen- 
tury, should be compared closely with those of the present 
time, to enable us to recognize whether or not our present 
weather has characteristics of the yea? immediately pre- 
ceding the break-up of the earlier periods of alternating 
winters. 

Perhaps b findin the common factors of the general 
merica and of the North Atlantic 

1915-1931 we can get a pre- 
of wh the winters alternate, and 

mav be recognized as presaging 

alternations was essentially the same in t fl e series of 45 

weather of a w  orth 

weat i er of 1876-1883 what indi- 

the end of our current period of alternations. 
Even if we can not say for winter after winter what the 

character is likely to be, we can say that immediately 
after a cold mnter the cha.nces are two to one or better 
in favor of a mild or warmaone, and that a period of ttlter- 
nating cold and warm winters which is general over a 
large art of the eastern United States may continue for 
sever 3 winters, as cold-warm-cold, etc. 

CONCLUSION. 

Our winter temperature data show that in the sequence 
of winters are evidences of some control? and therefore 
that studies of the positions of rand centers of nction 

cessful forecasts of the character of winters. 

of the atmos here and their c 5 anges from winter to 
winter are we R worth undertaking if we would havc sw- 

DISCUSSION. 

By H. W. CLOUOH. 

The paper of Dr. Brooks is essentially a contribution to 
the question of the existence of an a proximate two-year 

other investigators, notably &layton and Helland-Han- 
sen & Nansen.2 Clayton investigated a 25-month period 
which he found to persist with remarkable regularity 
during the seventies and eighties of the last century, but 
later on the periodicity disappeared. 

Obviously i t  is important to determine to what. estent, 
these alternations differ in amount from what would be 
expected if there were no relationship between one winter 
and the following one. Besson has shown that in 1~ series 

period in weather. Such a eriod R as been clainied by 

_ _ _ _ _ _ ~  

1 Clayton. H. H.. .\ lately discovered metwmlogical ryclr. A n w .  JfM. Jour.. vnl. 1 
1885. p .130 538. 

2 Hdand-kansen 8. N8me11 Temprraturr variations in the North Atlantic OCe311 
andtheatmosphere. Smithsohll Institution. Mise. Coll., vol. 70. No. I ,  1910. p. 262. 

of N numbers there are le rises and falls, or 
about 41 for every 100 numbers. %s is the total n u -  
ber of single rises and falls. It is necessary in addition 
to determine the relative frequency of groups of sums- 
sive alternations from 1 to 10. The formula deduced by 
the writer giving the probability of a series of n successive 
rises n.nd falls in a series of unrelated numbers is approxi- 

(N-3) si 

- *  

mat,ely (i:) (iy (iy-’. Thus the probability of a se- 
ries of 16 successive rises and falls is about 0.085 for every 
100 numbeis mid the total number of groups of five or 
more successire rises and falls is about 1.5 for each 
100 numbers. 

Applying Besson’s tests to some of the series of winter 
teniperatures compiled by Dr. Brooks, the results are 
shown in the following table: 

fhicago.. ......................... 62 
I’incinnnti.. ...................... 
1i:rltiniorc ......................... 103 70 
New lledforll.. ................... 107 GR I 

Ids. 
-- 

45 

Y 
I 40 

M I 43 
65 

31 
34 

43 
43 

I t  will be seen t,hat the number of crests and hollows 
averages close to the theoretical 67 per cent for each 100 
numbers. The number of single rises and falls is some- 
what greater thaii the theoretical number for Chicago and 
Cinc.innat>i and about the same for the longer series at 
New Bedford n.nd Baltimore. The escessively large 
number of nlterna.tions in the seventies and eighties 
probnbly twcount.s for the excess in the number of single 
rises nncl falls. This i i  a unique series of 12 alternations 
mid the chances are for one such occurrence in about 
3,000 years if t,liere were no relation between successive 
wint.ers. This se uence, however, is so unique that it 

or more. There is nothing even remote y parallehg it 
during tlie 140 years since observations are available in 
the United States. It is hard to escape the conclusion 
tha.t this series indicates some sort of systeniatic relation 
between t.lw successive winters, but, on tshe other hand, 
it. may be equally t,rue that the pa.rticular grouping of 
event,s combining to produce t.his series might not again 
occur in centuries. 

There have been other groups of five or more successive 
alternations at single stat.ions during the past 140 years. 
A t  Chicago there were two such groups of five or more 
single rises and falls: n.t Cincinnati, 3; at  New Bedford, 
2 ;  at  Baltimore, 2. The only noteworthy series common 
to tmwo or more stations was one from 1890 to 1899, com- 

seven to eight successive alternations shown at 
kew bedford, Baltimore, and Cincinnati. Some of the 
c,hanges were, however, less than 2 O ,  and changes from 
warmer t.0 colder or colder to warmer, instead of chan ing 
from one side of the normal to the other side. h e  
series shown on the diagram (p. 72) in Dr. Brooks’s aper, 
from 1804 to 1810 a t  Cincinnati and New lfaven, 
contains five alternations. 

There are therefore, t,wo, or at. most t,hree, series of five 
or more alternations during tlie past 110 years, coverin 
any estensive area. The t,heoretical number, as statec 
ttbove, is about 3. There is little, therefore. in this 
sliowing t.o support the bheory of a sgsteniatic tendelicy 
to alternitt,ioiis of winter tem erntures. The observed 

s may be doubted w 7 iether i t  would occur R ain in 500 years 

risin 

T 

tleriations from the t.heoretica P number for L series of 
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unrelated numbers may be plausibly regarded as merely 
the probable deviations of random samplin 

Another line of evidence tending to show t e fortuitous 
character of the occurrences relates to the probability of 
the frequency of the intervals from crest to crest. or 
hollow to hollow in a series of unrelated numbers. This 
serves ria a criterion for testing the conformity of meteor- 
ological data to the requirements of fortuitous occur- 
rence. Accordin to Besson, in a series of unrelated 

% 

numbers the num % er of two-intervals is greater thttii the 

number of three-intervals in the ratio of 40 t.0 33. A large 
number of series of annual means of tem srat,ure and 

esaminetl and practically ali show ti decided preponder- 
ance of the three-year interval. 

Dr. Brooks's later conclusions, therefore, that the 
sequences of winter temDerittures? particularly as re ards 

espectetl from chance occurrence seems to be borne out 
hy the evidence presented above. 

pressure at stations in Europe and the Unitec P States were 

alternations of warm anh cold, are niainlp what wou Y d be 

A POSSIBLE RAINFALL PERIOD EQUAL TO ONE-NINTH THE SUN-SPOT PERIOD. 

$51- $78: / : 5s'/. u*. By UINSMORE ALTER, Ph. D. 

[Univerait.y of Kansas. Lawrence, Kana.. Ort. 1. 1920.1 

YPNOPS!S. 

The first search for a rainfall perioclirit,y was based on 3 I i ~ p ~ ~ ~ t l i ~ t t i ~ ~ : i l  
constant periodicity er iial to Turner'w earthquake, period wlii1.1i is 
exactly one-nint,li of the mean tliin-spot. period. rile n*rrults w r i -  

inronrlritliv~. Imt indirated t.hat. a fnrt.lier warc:li might. 1.1. ~ ( i r t l i  wliilp. 
Next. a grapliical method was devired by wliicli it, WLS pwi1)Io t.o 

vary the length of t.liis Ixritdicity, keeping it alw*a.ys in stel) i i . ~  t lw 
ninth Iiarmonir nf the varying siin-ccpt. period. Tlip wstillx i~l>t:iiw~aI 
were murh more conclusive. 

All the scv-tinnill rainfall avvragc.s f1.w a . u i ~ l i  I.IC t . l i c *  42 st*a.t.illiiE; tot' 1 1 1 1 .  

United Stater were rxaminerl and ta1dt.s and i-iirvw Nliowiitg tlic r w i i l  ts 
for ewli of t.liree parts of tlir 1.Tnit.d Statvrr (Kasttwi, (. 'e~itriiI .  a11t1 
Pacific) are appended tu t.lie l~aper. The fimt lislf and tlil. iart Iinlf I)i 
the rlat3 were for the nimt part. rrinsicl~red w~pratrly and a fair sinii- 
larity obtained from these stretches of independent. data. (.'tirws from 
thew separate data are plotted tqet . l i~r  in urdw to sl~ow Idainly pc~ints 
of resemblanre and of dissimilarity. The reader must judge f i w  him- 
pelf whether these rrwml~lanrra 1 . ~ 1 1  be accidental or miat. Iw dire toa 
real periodirity. 

The work is being vont.iniied ai111 it. is prol.iwrd t.1) esumiiic. t h i n  data 
of other coiintries and to .wan4 f i ~ r  other ~ w i b l r  11arniimio-s 1.d tlic 
sun-spot priod. An era~ninatio~i of ternlierat Lire ihki is UISU plaiiiird. 

INTRODUCTORY. 

In August, 1915, lh. -4. E. Douglnss read a very inter- 
esting paper before the Berkeley meeting of t$e Aniericnn 
Astronomical Society regarding an inves tigntion of the 
growth of trees in many arts of the world, indicating an 

I% seemed to me that the data collected by the Weather 
Bureau should definite1 settle such a question of periods. 
Some preliminary read% showed, however, that, ai tre- 

(2) and that if solvable it must be verv complicated. 
Other work prevented startin any actual investigation ; 

till the spring of 1919. The first data. esnmined were 
those from Lawrence, Kans., where records since 1868 
are available. Several hundred hours of work showed 

Once a stretch of five years was found which 

the seasonal curve. Another time resemblances were 
found after about 22 years. All such were easily es- 
plainable aa accidental. It seemed useless to cmry the 
work further with the data at hand. 

A paper b Prof. Turner (3), however, gave me 8 new 

for any connection. In  this pa er, ProflrTurner shows 
lainly the existeiice of ti perioyin earthquakes with a 

kngth between 14.5421 and 14.8448 months. I t  oc- 
curred to me tl int  this period might be commensurrtble 
with the sun-spot period. Upon multiplying it by 9 I 
obtained 11.13 years, which is the metm sun-spot period 
to the exact hundredth of a yew. Such an esact coin- 
cidence is very probably not Rccidentnl (4). 

11- ear period in rainfal P ( I ) .  

mendous amount of time 5 ad been spent on the problem 

then the war intervened a.nd t f le prohleni WM unt,ouched 

resemb nothinf ed another five quite closely after eliminating 

suggestion, a s though there was little if an logical reason 

. 

My next move was to examine all sun-spot data in 
order to find whether such a period also esists in sun- 
spots as the ninth harmonic of the primary period. 
The preliminary results hnsed on a constant, period 
equalling one-nint,h the mean sun-spot period were in- 
conclusive thou h possibly favoring the existence of the 
period. After &e investigation of the ra.infal1 data the 
probleni mas attacked again in a different manner and 
led to a much more positive result. This will be dis- 
cussed more fully in a later paper. The idea now came 
to me to investigate the rainfall data by the same method 
th@ Prof. Turner has used on the earthquake data. 
This method is available only after some extraneous 
idea has indicated at  le& an npprosimate period to be 
inves tignt,ed. 

MATERIAL SUITABLE FOR HARMONIC I N A L Y S I S .  

.i malsa of observational inat.eria1 when plotted with 
t.inie as Hhscissne and observed values as ordinates ma 
show no repetit.ion of the same curve, even though suc i 
I I  curve might. esist.. There may be nothing definite 
i1bout it. to indicate a period. In such cases ordinary 
met,hoda of ha.rnionic analysis become useless. This 
fnilure to repeat, values, when B period esists, may be 
duc to any one or more of the four following CRUS~S: 

(n)  Incommensur~blc! periods ma coesist. In this 

periods of t>ime there may t e R fairly close approsima- 
t.ion to such repet.it,ion. If there are three or more in- 
conimcmumble periods the ciirTe oht,ained for the data. 
is very comples. For esample, the seasonal variation of 
the rrtinfwll would be incommensurable wit.h a ossible 

such periods is known, RS in the case of the seasonal 
variation in the example above, it may be eliminated. 

Such errors 
mask a periodicit almost com letely in any one cycle 

iiumber of well-distributed phases are added though 
man cycles. From the theory of errors their influence 
will e inversely pro ortional to the square root of the 
number of cycles ad ed. 

If there are 
periods longer than the interval of the data they will 
produw much t,he same effect. 11s accidental errors or in- 
c.omnwnaurable periods. 

An 
csaniple of such :i period is the sun-spot perioj, which, 
albhougli averaginu 11.13 yews, has varied from 7.3 to 
1'7.1 years during h e  last 115 years. 

r 

('fisc the curve will never re eat itsel 7 , nlt,hough for short 

one equalling the sun-spot period. Of course, i P one of 

and disappear on r y when the K ata values in each- of a 

( b )  There may be large accidental errors. 

B x 
( e )  Long-period variations may esist.. 

( ( E )  There inrty he periods which vary in len th. 


